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1. Title of the Invention: coating composition and method of preparing the same 

2. Scope of Claims for Patent 

(1) A coating composition essentially comprising: 

A. a hydrolyzate of one or two or more silane compounds represented by the 
15 general formula, 

H' a — Si — X t-a~i> 

wherein R' represents an organic group having an epoxy group, R 2/b represents a 
20 hydrocarbon group having 1 to 4 carbon atoms, X represents an alkoxy group having 1 
to 6 carbon atoms, an alkoxyalkoxy group, an acyloxy group, or a halogen atom, a 
represents an integer of 1 to 3, b represents 0 or 1, and a+b is 1,2, or 3); 

B. colloidal silica with a particle diameter of 1 to 100 millimicrons; 

C. a titanium alcoholate represented by the general formula, 

25 
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wherein R 3 represents an alkylene group having 3 to 16 carbon atoms or 

H 4 R 4 

-oHOHHo^onoH.n (wherein R 4 represents a hydrogen atom or a methyl group, and n 
represents 0 to 5), X is as defined above, and c represents 2, 3, or 4; and 
5 D. a salt, a coordination compound, a halide, an acid halide, or a halide 

peroxide of magnesium. 

(2) The coating composition according to claim 1 , wherein the component A is 

tt' a — SI — O 

contained in an amount of 75 to 25 wt% when calculated as * , the 

component B is contained in an amount of 75 to 20 wt% when calculated as Si0 2 , the 
10 component C is contained in an amount of 1 to 30 wt% when calculated as 

CHO-H- -0) c -ti- o,_ c 

2 , and the component D is contained in an amount of 0.01 to 5 wt%. 

(3) The coating composition according to claim 1, wherein the epoxy group 

contained in the component A comprises 0, \^ H ^ 0H2 " or a ^^group. 

(4) A method of preparing a coating composition, comprising dissolving and 

15 dispersing the components A and B in an organic solvent, hydrolyzing the mixture 
using an acidic aqueous solution, and adding the components C and D. 

(5) The method of preparing a coating composition according to claim 4, 
wherein the acidic aqueous solution is a diluted solution of hydrochloric acid, sulfuric 
acid, phosphoric acid, or acetic acid, water is used in an amount of 0.6 to 3 equivalent 

20 times the amount of groups to be hydrolyzed, and the pH of the coating composition is 
adjusted to 5.0 to 8.5. 



3. Detailed Description of the Invention 
[Technical Field] 

25 The present invention relates to a coating composition which is applied to the 

surface of a transparent plastic material and cured by heating to provide excellent 
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scratch resistance, chemical resistance, dyeability, and weatherability, and a method of 
preparing the same. 
[Background Art] 

Among plastic materials available today, transparent plastic materials such as 
5 acryl-based, methacryl-based, viny-based, polycarbonate-based, and aryl-based plastic 
materials are superior to glass in weight, and properties including impact strength, 
processability, dyeability, or the like. Due to these advantages, these plastic materials 
are widely used as optical materials such as lens and transmission glass, instead of 
inorganic glass. However, these plastic materials are inferior to inorganic glass in 

10 scratch resistance and chemical resistance. As a resin which is relatively excellent in 
scratch resistance, a diethylene glycol bisallylcarbonate resin (hereinafter referred to as 
"CR=39®") is known. This resin is also not satisfactory for practical use. To 
eliminate the defects of these plastic materials, it is effective to provide a 
polysiloxane-containing layer on a film. Specifically, a combination of a partial 

15 condensate of methyltrimethoxysilane and colloidal silica is known (JP-B-52-39691, 
JP-B-56-18625, JP-A-56-41266, JP-A-56-42649, and JP-A-57-100166). Some of 
those are commercially available. Curing the combination of the partial condensate 
of methyltrimethoxysilane and colloidal silica has to be performed at a high 
temperature for a long period of time. JP-B-55-291 02 discloses a coating agent 

20 comprising an epoxy-containing organic silane, alkyltrialkoxysilane, or 

tetralkoxysilane. This coating agent is defective in chemical resistance, in particular, 
water resistance. To eliminate these defects, a coating composition has been 
proposed in which a very small amount of a halide or alcoholate of a group IV metal of 
the periodic table is added to a conventional coating composition (JP-A-58- 125764). 

25 However, it has been found that the composition is disadvantageous in respect of 

service life and long-term water resistance. USP 4073967 and USP 4042749 disclose 
a coating material comprising a mixture of a reactive silane compound and an alkoxide 
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of a metal such as titanium. JP-B-57-2735 discloses a coating composition 
comprising a reactive silane, colloidal silica, and a coordination compound of 
aluminum. To increase the thickness to obtain a sufficient hardness, the film has a 
tint of yellow, and, depending on the mixing condition of the raw materials, control of 
5 the raw material and coating process becomes difficult due to a decrease in service life. 

To improve the physical properties, a combination of a reactive silane, colloidal 
silica, and a specific type of organometallic compound may be useful. For example, 
JP-A-56- 104973 discloses an example of a titanium compound. In this invention, as 
described in the examples, it is required that the reactive silane be used without 

10 hydrolysis. As a result, to obtain a film with increased strength, curing has to be 
performed at a high temperature for a long time. Therefore, it is hard to say that the 
reactive silane is suitable for a plastic material. The reason that the reactive silane 
cannot be hydrolyzed is as follows. When a compound to be combined with the 
reactive silane and the colloidal silica is an organic titanium compound or an organic 

15 zirconium compound, the coating composition is gelated, the film is yellowed, and the 
service life of the coating composition is shortened to several hours to a couple of days 
due to water contained in the reaction system or in air. The above combination is not 
practical when used in plastics. 

As described above, although the combination of a silane-based compound and 

20 an organic silane-based compound is excellent for use as a coating material to be 
applied to the surface of plastics to form a film excellent in dyeability and scratch 
resistance, the combination is not used in practice since the organic titanium compound 
is not stable in the coating liquid. 
[Object] 

25 The inventor has found a coating composition which is free from the above 

problems, and is capable of forming a film which is excellent in scratch resistance, 
chemical resistance, water resistance, hot water resistance, heat resistance, 
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weatherability, and dyeability without impairing the merits of plastics such as light 
weight, high impact strength, flexibility, and less possibility of breaking into pieces 
when broken. The inventor also has found a method of forming such a coating 
composition. 

An object of the present invention is to provide a coating composition which 
has a long service life, facilitates process control and quality control, and is capable of 
forming a film excellent in film properties. 
[Summary] 

The present invention relates to a coating composition essentially comprising: 

A. a hydrolyzate of one or two or more silane compounds represented by the 
general formula, 

wherein R' represents an organic group having an epoxy group, R 2/b represents a 
hydrocarbon group having 1 to 4 carbon atoms, X represents an alkoxy group having 1 
to 6 carbon atoms, an alkoxyalkoxy group, an acyloxy group, or a halogen atom, a 
represents an integer of 1 to 3, b represents 0 or 1, and a+b is 1,2, or 3); 

B. colloidal silica with a particle diameter of 1 to 100 millimicrons; 

C. a titanium alcoholate represented by the general formula, 

wherein R 3 represents an alkylene group having 3 to 16 carbon atoms or 

84 R4 

-ohohho-chohi^ (wherein R 4 represents a hydrogen atom or a methyl group, and n 
represents 0 to 5), X is as defined above, and c represents 2, 3, or 4; and 



D. a salt, a coordination compound, a halide, an acid halide, or a halide 
peroxide of magnesium. 

First, the components A and B are dissolved and dispersed in an organic solvent. 
The mixture is hydrolyzed by an acidic aqueous solution, followed by addition of the 
5 components C and D. 

As examples of the epoxy-containing organic silane compound which is the 
component A of the coating composition according to the present invention, 
y-glycydoxypropyltrimethoxysilane, y-glycydoxypropyltriethoxysilane, 
y-glycydoxypropylmethyldimethoxysilane, y-glycydoxypropylmethyldiethoxysilane, 

1 0 bis(y-glycydoxyproyl)dimethoxysilane, tris(y-glycidoxypropyl)methoxysilane, 
P-(3,4-epoxycyclohexyl)ethyltrimethoxysilane, 
P-(3,4-epoxycyclohexyl)ethyltrimethoxysilane, 
p-(3 ,4-epoxycyclohexy l)ethy lmethyldimethoxysilane, and 
p-(3,4-epoxyhexyl)ethylmethyldimethoxysilane can be given. These silane 

15 compounds may be used singly or in combination of two or more. A silane 

compound in which the leaving group has been hydrolyzed or a silane compound 
which has been partly subjected to dehydration condensation is essentially the same. 
The coating composition according to the present invention may contain the 
above-mentioned silane compounds. As the leaving group other than the alkyloxy 

20 group, an acyloxyl group, an amide group, an aminoxy group, an alkoxyalkoxy group, 
a vinyloxy group, and a ketooxyoxime can be given. The component A may be 
hydrolyzed singly, but it is preferred that the component A be hydrolyzed after mixing 
with the component B described below. 

To obtain better effects, the component A is contained in the curable coating 

25 composition preferably in an amount of 75 to 25 wt%, more preferably 60 to 25 wt%, 

R' a — 3 1 — O i- a -A 

when calculated as * . If the amount of the component A is 75 wt% or 
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more, the water resistance of the film is lowered. When the amount of the component 
A is 25 wt% or less, the film produces cracks. The component A serves to allow the 
film to be elastic, and to improve adhesion between the coating composition and the 
plastics as the substrate. 
5 The colloidal silica with a particle diameter of 1 to 100 millimicrons is 

prepared by dispersing a high molecular silicic anhydride in a dispersion medium such 
as water, alcohol, or cellusolve. The colloidal silica is prepared by a known method 
and commercially available. In the present invention, it is preferred that the colloidal 
silica with a particle diameter of 5 to 40 millimicrons be used since such colloidal 

10 silica is effective in practice. As the effective dispersion medium, methanol, ethanol, 
propanol, methyl cellosolve, and ethyl cellosolve are particularly effective. When the 
colloidal silica is dispersed in water, an excessive amount of a water-soluble organic 
solvent has to be added. 

To obtain better effects, the component B is preferably contained in the curable 

15 coating composition in an amount of 75 to 20 wt%, more preferably 70 to 35 wt%. If 
the amount of the component B is 75 wt% or more, the film has cracks. When the 
amount of the component B is 20 wt% or less, the water resistance of the film is 
lowered. The component B serves to impart the film, which is cured by heating, with 
hardness, water resistance, and chemical resistance. 

20 The concentration of silica contained in the dispersion of the component B is 

20 to 35 wt% since the dispersion becomes stable and usable in practice. 

Fine particles of silica prepared by the vapor grown process are commercially 
available. The silica fine particles cannot be dispersed well in the coating 
composition by the recent technology. If a technique for dispersing the particles 

25 having the same diameter as that of the component B is developed, it is possible to use 
the silica fine particles instead of the component B. 

The above-mentioned component A is dispersed in a diluted aqueous solution 
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of hydrochloric acid, sulfuric acid, phosphoric acid, or acetic acid after mixing with the 
component B in the presence of a solvent such as alcohol, cellosolve, ketone, ester, and 
ether. It is preferred that water be used in an amount of 0.6 to 3 times the equivalent 
number of the hydrolysis group. The amount of water to be used for hydrolysis is not 
particularly limited. However, when the water for hydrolysis is present in an amount 
of 0.6 times or less the equivalent number of the hydrolysis group, heating must be 
performed at high temperatures for a long time to obtain a film with intended physical 
properties. On the other hand, when the water for hydrolysis contains water in an 
amount 3 times or more the equivalent number of the hydrolysis group, there are such 
problems that the component C which is added after addition of B remains insoluble 
and the coating composition becomes turbid. As a result, the film cannot have 
intended physical properties. Accordingly, to improve workability and to facilitate 
quality control, it is preferred that the water for hydrolysis be used in the above 
mentioned range. 

The titanium compound (component C) is an organic titanium compound 
having the following two types of substituent. One is a substituent in which 2 to 4 
dihydric alcohols are coordinated, the other is a substituent in which 2 to 4 
polyethylene glycol and polypropylene glycol with a molecular weight of 300 or less 
are coordinated. It is not problematic if a halogen atom or a lower alkyl group 
remains as an unreacted desorption group. 

Specific examples of the dihydric alcohol of the titanium residue in the 
component C include compounds having a hydroxide group at both ends, such as 
propanediol, butanediol, pentanediol, hexanediol, heptanediol, octanediol, nonanediol, 
decanediol, dodecanediol, and hexadecanediol, a compound having hydroxide groups 
at both ends, a compound having at one end a lower alcohol group, and a compound of 
which the main chain is branched. The number of these substituents tends to decrease 
as the molecular weight and steric hindrance increases. The average number of the 
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substituents is 2 to 4. 

The main role of the component C is to increase the stability of the coating 
composition and to prolong the service life of the coating composition. In addition, 
the component C increases adhesion between the film and the substrate resin contained 
5 in the cured film, imparts the film with dyeability which is indispensable for increasing 
the added value of a product, or increases adhesion to an antireflection film formed of 
an inorganic vapor deposition film. 

To obtain better effects, the component C is contained preferably in an amount 
of 1 to 30 wt%, and more preferably 5 to 15 wt%, when calculated as 

(HO-R* -0) c -Tl-0 

10 2 . If the amount of the component C is 1 wt% or less, the intended 

function cannot be obtained. When the amount of the component C is 30 wt% or 
more, the film has poor durability due to insufficient hardness. 

The magnesium compound added as the component D has an auxiliary function. 
Specifically, the component D helps the component C to improve the stability of the 

15 coating composition. In addition, the component D is important as the latent catalyst 
which promotes silanol condensation and epoxy ring-opening polymerization during 
curing by heating. Specifically, when used with the component C, the component D 
suppresses gelation caused by the silanol condensation at room temperature, and 
promotes the above reactions during curing by heating, and facilitates shortening of the 

20 heating time and lowering of the curing temperature. 

Specific examples of the component D include chloride, bromide, and iodide of 
magnesium, chlorate, bromate, and iodate of magnesium, perchlorates and perbromates 
of magnesium, organic salts of magnesium such as magnesium acetate, magnesium 
acetylsalicylate, magnesium benzoate, magnesium formate, magnesium oxalate, and 

25 magnesium lactate, magnesium salicylate, and magnesium stearate, magnesium 
thiocynate, magnesium acetylacetonate, coordination compounds of acetoacetic acid 
ester of magnesium, alcoholates of magnesium, and magnesium salts of sulfuric acid, 
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phosphoric acid, and nitric acid. 

The component D is preferably contained in an amount of 0.01 to 5 wt%, 
preferably 0.01 to 2 wt% based on the solid content of the coating composition. 
When the amount of the component D is 0.01 wt% or less, the intended effects cannot 
5 be obtained. If the amount is 2 wt% or more, the effects cannot particularly be 
enhanced, and if the amount is 5% or more, the film is yellowed and curing cannot be 
performed sufficiently. 

The essential components of the coating composition according to the invention 
are as described above. By selecting the amounts of the components A, B, and C and 
10 type of the substituent, it is possible to change the hardness, dyeability, water 
resistance, and other physical properties according to application, whereby a film 
usable in practice can be obtained. 

The method of preparing the coating composition is described below. As 
mentioned above, the components A and B are mixed and dispersed in an appropriate 
15 solvent. To the mixture, a predetermined amount of an acidic aqueous solution is 
added slowly, and hydrolyzed. Subsequently, the components C and D are added 
with stirring to obtain a uniform solution. It is required to use an acid solution having 
a concentration which allows the pH of the coating composition to be 5.0 to 8.5. If 
the pH is not within this range, the film cannot have a sufficient hardness. 
20 Adjustment of pH can be almost attained by using a predetermined amount of diluted 
acid described in the present invention. As the other pH adjustors, organic acids such 
as formic acid, oxalic acid, and tartaric acid, hydroxides such as sodium hydroxide and 
potassium hydroxide, salts such as sodium carbonate and sodium acetate, and amino 
acids such as glycine can be given. These pH adjustors may be added as is or added 
25 after diluting with alcohol or the like. 

Other than the essential components of the present invention, it is possible to 
add a leveling agent, a silicone-based surfactant or fluorine-based surfactant as a 
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slipping agent, a UV ray absorber, and a high molecular stabilizer. General silane 
coupling agents, a heat-curable epoxy resin, a heat-curable melamine resin, a 
heat-curable urethane resin, and precursors thereof may be added together with the 
above-mentioned essential components to form a curable film composition. As 
examples of the silane coupling agent, tetralkoxysilane such as tetramethoxysilane and 
tetraethoxysilane, trialkoxysilane such as methyltrimethoxysilane, 
vinyltrimethoxysilane, phenyltrimethoxysilane, y-chloropropyltrimethoxysilane, 
y-morpholinopropyltrimethoxysilane, y-methacryloxypropyltrimethoxysilane, 
y-acryloxypropyltrimethoxysilane, y-aminopropyltrimethoxysilane, 
p-cyanoethyltrimethoxysilane, and trifluoropropyltrimethoxysilane, and a compound in 
which one of the alkoxy groups is either methyl or ethyl. The alkoxy group may be 
an acyloxy group or an alkoxyalkoxy group. As the epoxy resin, glycidyl ethers of a 
polyvalent alcohol such as ethylene glycol, propylene glycol, glycerine, 
pentaerythrythol, sorbitol, bisphenol A, and catechol, glycidyl esters of a polyvalent 
carboxylic acid such as oxalic acid, hexahydrophthalic acid, a polymer or an oligomer 
containing glycidyl methacrylate, and an epoxy compound obtained by oxidation of 
polyolefin can be given. Addition of suitable amounts of the above components 
allows the degree of dyability of the film to be adjusted. It is also possible to allow 
the coating composition to be multifunctional by adding a pigment as a coloring agent 
or fine particles of aluminum or magnetic materials. 

The coating composition obtained by the present invention is used after dilution 
with a suitable solvent. The method of coating is not particularly limited. Usable 
coating methods include spray coating, dip coating, spinner coating, flow coating, roll 
coating, and brush coating. It is preferred that the thickness of the film be 1 to 30 
microns. When the thickness is 1 micron or less, the film cannot have a sufficient 
hardness. If the thickness is 30 microns or more, the film has cracks. 

The coating composition thus obtained exhibits its effects when applied to 
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transparent plastics including polystyrene, polymethacrylate, polyvinyl chloride, 
polyethylene terephthalate, CR-39, a copolymer of styrene and a nucleus-substituted 
halogenated bisphenol-based monomer, and an allyl resin. 
[Examples] 

5 The present invention will now be described in detail by way of examples, 

which should not be construed as limiting the scope of the present invention. In the 
examples, the parts indicate parts by weight. 
Example 1 

(1) Synthesis of polyethylene glycol #200 titanate (TPE) 

10 A glass flask provided with a reflux apparatus and a stirring apparatus was fully 

dried by introducing drying nitrogen. Then, 100 parts of dehydration methanol and 
98 parts of tetraisopropoxytitanium (Product Name "TPT", manufactured by Nippon 
Soda Co., Ltd.) were added and dissolved. While keeping the temperature of the 
solution at 50°C, 200 parts of polyethylene glycol #200 (sold by Kanto chemical Co., 

15 Ltd, with an average molecular weight of 200) were added dropwise and heated. 
Then, reflux was performed for two hours. Subsequently, methanol and isopanol 
were distilled off. Further, the mixture was aged at room temperature for a whole day 
and night, whereby a colorless, transparent liquid was obtained. The mixture was 
heated at 80°C under a reduced pressure (1 to 2 mmHg) for 15 minutes using a rotary 

20 evaporator to recover low boiling point components and remaining unreacted 
tetraisopropyltitanium. As a result, 255 parts of a viscous liquid with a slight tint of 
yellow were obtained. As a result of GPC chromatography and gas chromatography, 
it was found that the viscous liquid had an average molecular weight of about 700. 
The determination of the formed isopropyl alcohol revealed that the conversion rate of 

25 a substitution reaction was 80%. By the heat weight measurement, the content of 
titanium was 13% as converted to Ti0 2 . The formed product is referred to as "TPE". 

(2) Preparation of coating liquid 
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An Erlenmeyer glass flask with a capacity of 1 1 was provided with a stirrer. 
400 parts of colloidal silica dispersed in ethanol (Product Name "Oscar 1232", 
manufactured by Catalyst & Chemicals Industries Co., Ltd.), 150 parts of 
y-gycidoxytrimethoxysilane, and 200 parts of methyl cellosolve were added to the 
5 flask. To the resulting mixture, 42 parts of 0.05 N hydrochloric acid were added 
dropwise with stirring and reacted for 30 minutes. Aging was performed for a whole 
day and night. Subsequently, 30 parts of TPE obtained above and 1.0 part of 
magnesium perchlorate were added and dissolved. A slight amount of a silicon-based 
surfactant was added, and aged for a whole day and night. The mixture was filtered, 

10 whereby a coating liquid for dip coating was obtained. The pH of the coating liquid 
was measured using a pH meter after dissolving and dispersing one part of the coating 
liquid in 10 parts of pure water. It was found that the pH of the coating liquid was 6.5. 
The viscosity of the coating liquid was measured using a Brookfield-type viscometer 
(manufactured by Tokyo Keiki Co., Ltd.), and was found to be 7.5 centipoises (20°C). 

15 (3) Application and curing 

The formed coating liquid was applied by dip coating to CR-39® lens (Product 
Name "Seiko Plux", manufactured by Seiko Epson Corporation), which had been 
washed with alkaline water. The raising rate was 20 cm/min. The lens was cured at 
80°C for one hour in a heating and heating kiln. The curing temperature was raised to 

20 110°C for one hour. The lens obtained had a perfect appearance and was excellent in 
transparency. Analysis of the surface of the film by reflective interference 
spectrophotometry revealed that the thickness of the film was 3 microns (nd = 1 .5). 
(4) Evaluation tests and results 

The lens obtained was tested by the following method and evaluated. The 

25 results are shown in Table 1 . 

a) Scratch resistance: #0000 steel wool (Product Name: Bon Star, manufactured by 
Japan Bon Star Co., Ltd.) was reciprocated 10 times on a 1 cm x 3 cm sample piece 
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with a load of 1 kg to visually evaluate the scratch conditions. 
A: No scratches are formed in the above range. 
B: 1 to 10 scratches are formed in the above range. 
C: 10 to 50 scratches are formed in the above range. 
5 D: A large number of scratches are formed, but part of the surface remains smooth. 
E: The surface is no longer smooth due to the formed scratches. 

b) Water resistance and chemical resistance: The lens was immersed in water, alcohol, 
and kerosene for 48 hours, and the surface condition was evaluated. 

c) Acid resistance and detergent resistance: The lens was immersed in 0.1 N 
10 hydrochloric acid and an aqueous 5 % solution of a bleaching agent (Product Name: 

Kitchen Hiter, manufactured by Kao Corporation) for 12 hours, and the surface 
condition was evaluated. 

d) Weatherability: The lens was irradiated with light from a xenon lamp of a fade meter 
(manufactured by Suga Test Instruments Co., Ltd) for 400 hours, and the surface 

1 5 condition was evaluated. 

e) Adhesion: Adhesion of the film was evaluated by a cross cut tape test according to 
JISD-0202. 

Specifically, the surface of the sample was notched at an interval of 1 mm, 
whereby 100 pieces of 1 mm x 1 mm grid were formed. Subsequently, a cellophane 
20 adhesive tape (Product Name "Cello Tape", manufactured by Nichiban Co., Ltd.) was 
strongly pressed against the surface, and then the tape was peeled off the surface at one 
time in a direction perpendicular to the surface. The grid to which the film adhered 
was still adhered as an index for evaluating adhesion. 

f) Durability: Providing that the durability is essentially the combination of adhesion 
25 and scratch resistance, the samples which had been evaluated by the tests b) to j) were 

evaluated by the tests a) to e). 

g) Heat resistance (cold-heat cycle property): The sample was exposed to hot air of 
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80°C for 1 5 minutes, and left in a cold place of -5°C for 1 5 minutes. The above was 
repeated 5 times. The sample was evaluated for appearance and evaluated by test b), 
and a film with no surface defects was evaluated as "Good". 

h) Dyeability: Using a dispersion dye, the sample was dyed at 80°C for 5 minutes. 
5 The fading rate of the lens was measured. The dyeing solution was prepared by 

dispersing and dissolving 2 g of a dying agent (Product Name: "Seiko Plux Gray D", 
manufactured by Seiko Epson Corporation) and 2 g of a dyeing aid (Product Name: 
Seiko Plux Dyeing Aid, manufactured by Seiko Epson Corporation) in 1 1 of pure 
water. The fading rate was measured by a BPI photometer (manufactured by BPI Co., 
10 Ltd.). 

i) Resistance to hot water: The molded product was immersed in boiling water for 2 
hours. The appearance of the molded product and defects of the film were evaluated, 
j) Impact strength: Evaluation was performed according to FDA standards specified for 
glasses. Specifically, a steel ball of about 16.4 g was allowed to fall to the center 

1 5 portion of the lens (or flat plate), and cracks formed in the lens or defects of the film 
were evaluated. The test was repeated three times, and a lens with no defects was 
evaluated as "Good". The main thickness of the lens was 1 .6 mm. 
(k) Service life of the coating liquid: After preparing the coating liquid, the coating 
liquid was applied and cured. Then, the film was evaluated by tests a) to k), and the 

20 period during which the property remained the same was indicated. 
Example 2 

(1) Preparation of coating liquid, application, and curing 

An Erlenmeyer flask with a capacity of 1 1 was provided with a stirrer. 400 
parts of the above-mentioned colloidal silica dispersed in ethanol, 160 parts of 
25 y-gycidoxypropyltrimethoxysilane, and 200 parts of isopropanol were added to the 
flask. To the resulting mixture, 30 parts of 0.05 N hydrochloric acid water were 
added with stirring and reacted for 30 minutes. Aging was performed for a whole day 
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and night. Subsequently, 40 parts of octyleneglycoltitanate (Product Name TNi-33, 
manufactured by Nippon Soda Co., Ltd.) were added for 30 minutes with vigorous 
stirring. Then, 1 .0 part of magnesium acetylacetonate was added. A slight amount 
of a silicon-based surfactant was added. The liquid temperature was raised to 40°C, 
5 and stirred for 2 hours. After aging, the mixture was filtered, whereby a coating 
liquid for dip coating was obtained. The pH of the coating liquid after diluting with 
pure water was 6.5 and the viscosity was 7 centipoises. 

In the same manner as in Example 1, the coating liquid was applied to a 
CR-39® lens and cured. The thickness of the film was 5 microns. 
10 (2) Evaluation tests and results 

The lens obtained was evaluated in the same manner as in Example 1. The 
results are shown in Table 1 . 
Example 3 

(1) Synthesis of hexanediol titanate (THX) 

15 In the same manner as in Example 1(1), except that 118 parts of hexanediol 

were used instead of 200 parts of polyethylene glycol, hexanediol titanate (THX) was 
obtained. The conversion rate of this reaction was 90%. It was found that the 
hexanediol was coordinated such that 3.5 molecules were coordinated per atom of 
titanium. By the heat weight measurement, the content of titanium was 19% as 

20 converted to TiC>2. 

(2) Preparation of coating liquid, application, and curing 

In the same manner as in Example 1(2) and (3), except that 45 parts of THX 
were used instead of 30 parts of TPE, a CR-39® lens having a cured film of about 3 
microns was obtained. 
25 (3) Evaluation tests and results 

The lens obtained was evaluated in the same manner as in Example 1 . The 
results are shown in Table 1 . 
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Examples 4 and 5 

In the same manner as in Example 2, except that 150 parts of the following 
compound were used instead of 160 parts of y-glycydoxypropylmethylmethoxysilane 
and the amount of 0.05 N hydrochloric acid was changed from 30 parts to 42 parts, a 
5 coating liquid was prepared, applied and cured. As a result, a lens excellent in 

appearance was obtained. The lens was tested and evaluated. The results are shown 
in Table 1 . 
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Example 


Compound and amount (parts) 


4 


p-(3,4-epoxycyclohexyl)ethyItrimethoxysilane 
(150) 


5 


y-Glycydoxypropyltrimethoxysilane (150) 



Comparative Example 1 

In the same manner as in Example 1 , except that the synthesized TPE was not 
5 used, a lens excellent in appearance was obtained. The results are shown in Table 1 . 
Comparative Example 2 

In the same manner as in Example 1, except that the magnesium perchlorate 
was not used, a lens excellent in appearance was obtained. The results of evaluation 
are shown in Table 1 . 
10 Comparative Example 3 

In the same manner as in Example 1, except that 0.05 N hydrochloric acid 
water was not added, water in the system was removed using a molecular sieve 4A, 
and 40 parts of diisopropoxybis(acetylacetonate)titanium (Product Name: Atron TAA, 
manufactured by Nippon Soda Co., Ltd.) were added, a coating liquid was obtained. 
15 In the same manner as in Example, the coating liquid was applied to a CR-39® lens 
and cured. As a result, a lens with a slight tint of yellow was obtained. The results 
of evaluation are shown in Table 1 . 
Comparative Example 4 

In the same manner as in Example 1, except that 40 parts of 
20 tetrabutoxytitanium (Product Name: Atron TBT, manufactured by Nippon Soda Co., 
Ltd.) were used instead of TPE, a coating liquid was obtained. The coating liquid 
was turbid, with formation of a white gum-like precipitate. Therefore, application 
was impossible. 
Examples 6 to 8 

25 Instead of the CR-39 lens, the following materials were shaped into a lens-like 



product or a flat plate with a thickness of 1.6 mm. In Example 6, the coating liquid 
obtained in Example 2 was applied to the formed shaped products. In Example 7, the 
coating liquid obtained in Example 2 was applied to the above shaped products which 
had been treated with a primer (Product Name: Primer PC, manufactured by Shin-Etsu 
5 Chemical Co., Ltd.). Curing was performed at 100°C for 2 hours. 



Example Nos. 


Name of plastics (product name) 


Manufacturer 


6 


Methyl polymethacrylate (Acrylite R ) 


Mitsubishi Chemical Corporation 


7 


Bisphenol-type polycarbonate 
(LEXAN R ) 


General Electric Corporation 


8 


Styrene-TS-26 R copolymer 


Tokuyama Corporation 
Seiko Epson Corporation 
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Comparative Example 
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a) Scratch resistance 


b) Chemical resistance 


c) Resistance to chemicals and 
detergents 


d) Weatherability 


e) Adhesion 


f) Durability 


g) Heat resistance 


h) Dyeability 


i) Resistance to hot water 


j) Impact strength 


k) Service life of coating composition 



[Effect of the Invention] 

As described hereinabove, according to the present invention, by using a specific 
titanium-based compound which is a curable and dyeable essential component and serves 
as a latent catalyst in combination with a specific magnesium compound as components, 
it is possible to obtain a coating composition which has a long service life and is capable 
of forming a dyeable film which is colorless and transparent, excellent in scratch 
resistance, and therefore can be used advantageously for optical applications. The 
coating composition according to the present invention can be cured at lower 
temperatures. When applied to various types of plastics, the coating composition can 
impart the surface of plastics with a high degree of hardness. Application field of the 
plastics which has been restricted due to poor resistance to scratches and chemicals will 
surely be increased. In particular, the coating composition according to the present 
invention is expected to be used widely in the optical product field due to the transparency. 
In addition, plastics to which the coating composition according to the present invention 
is applied can be used in the filed of application where inorganic glass or metal materials 
are not suited. Specifically, the coating composition according to the present invention 
can be used in new application fields where characteristics of plastics are fully utilized, 
for example, in application fields where dyeing for fashion and quality, molding into a 
complicated shape, a sufficient durability to withstand a load and thermal shock, being 
light in weight but big in size, or the like are required. In other word, the coating 
composition according to the present invention can be applied to a transmission glass, a 
construction material, glasses, sunglasses, goggles, a camera lens, an optical-disk material, 
a camera lens, a large-sized condenser lens, a large-sized condenser lens for analytical 
instruments, a diffusion lens, an overcoat for light reflex boards, a watch glass, a cover 
glass, and a display panel board. 
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